In Enterococcus faecalis and other bacteria, FtsZ is an essential cell division protein. The three dimensional structure of FtsZ from E. faecalis was built by four online servers: SWISS-MODEL, RaptorX, CPHmodels-3.0 and IntFOLD. Evaluation of the models was performed by ERRAT, QMEAN6, DFIRE, PROCHECK and MolProbity server. SWISS-MODEL produced the best quality model in ERRAT and the best Ramachandran plot values in PROCHECK and selected for docking experiment. An active site for GTPase was predicted which consists mainly of the amino acid residues: 21-23, 72-74, 105-111, 136,140,144,167 and 187. Docking of hundred compounds using Hex 8.0.0 against FtsZ of E. feacalis, Staphylococcus aureus, S. epidermidis, Bacillus subtilis, and Pseudomonas aeruginosa was carried out in order to find FtsZ inhibitors. Taxanes and hinokiflavone had the best binding energy values. Other flavonoids i.e. rutin, vicenin, scutellarin, amentoflavin, silybin and the polyphenolic curcumin also had docking results better than GTP which was used as control. The results concluded that these flavonoids could be used as anti-FtsZ compounds and may replace the cytotoxic taxanes as new antimicrobial agents directed against this potential target.
INTRODUCTION
In recent years, there has been a rise of antimicrobial resistance in many bacterial pathogens such as Staphylococcus aureus, Streptococcus pneumoniae and Entereococcus faecalis (McDevitt et al., 2002) . There is a difficulty in treating infections caused by methcillin-resistant S. aureus, pencillin-resistant pneumococcus and vancomycin-resistant E. faecalis (Jones et al., 1999) . Such difficulty may be attributed to the fact that commonly used antibiotics act against a small number of targets: cell wall, DNA, and protein synthesis (Wang et al., 2003) . Thus, new antibiotics with different mechanisms of action are being developed (Vollmer, 2006) .
In bacteria, the cell division protein, FtsZ, is a tubulin analog (Carballio-Lopez and Errington, 2003) . FtsZ binds GTP to the interface between two monomers, this way forming the active site for the hydrolysis of GTP to GDP. Binding of GTP to FtsZ induces its polymerization into protofilaments (Huecas and Andreu, 2004) . FtsZ forms a membraneassociated ring structure (Z-ring) which recruits more than 12 other cell division proteins. This process is crucial step in septum formation. FtsZ protofilaments will depolymerize into monomers when the cell division is completed .
FtsZ is a promising target for developing new therapeutic agents since it has less than 20% of the sequence identity of tubulin (Vollumer, 2006) . The limited sequence homology between FtsZ and tubulin is advantageous to find specific inhibitors that do not cause cytotoxicity to human cells via chemical modification (Nogales et al., 1998) . Although many chemical inhibitors against FtsZ have been reported recently, these compounds did not show a high affinity to FtsZ, their mechanisms of action were not elucidated and their in vivo activity were not proved (Margalit et al., 2004) .
Homology modeling is a prediction of the tertiary structure of a protein using its sequence similarity to proteins of known structures (Mihăşan, 2010) . Comparative modeling consists of five steps: (a) identification of related sequences of a known structure or templates; (b) aligning of the target sequence to the templates; (c) building the structurally conserved regions; (d) modeling loops which are not conserved; (e) quality assessment of the model (Floudas, 2007) . The reliability of predictions depends on the degree of sequence similarity between the target and the template (Xiang, 2006) .There are many instances in which predicted models by homology modeling were used to explain protein function, provide information about protein binding sites and design novel enzymes ).
Molecular docking is a computational method for predicting the binding mode and affinity of ligand molecules with proteins (Huang and Zou, 2010) . The different orientations are evaluated by a scoring function to estimate their binding affinity (Sousa et al., 2013) . The aim of this study is to generate 3D structure of this protein from E. faecalis strain ATCC 700802 (Pucci et al., 1997) and molecular docking of this 3D structure to screen for compounds that may bind and inhibit FtsZ. (Berman et al., 2000) . Compounds used in screening for FtsZ inhibition were obtained from Drug bank (http://www.drugbank.ca) (Wishart et al., 2008) and ZINC database (http://zinc.docking.org/) (Irwin et al., 2012) . The .sdf format was converted to .pdb format using Open Babel software (O'Boyle et al., 2011) .
Homology modeling
The protein tertiary structure was built by four online servers; SWISS-MODEL (http://swissmodel.Expasy.org/) (Arnold et al., 2006) , RaptorX (http://raptorx.uchicago.edu/) (Källberg et al., 2012) , IntFOLD server, CPH models-3.0 (http://www.cbs.dtu.dk/services/CPHmodels/) (Nielsen et al., 2010) and (http://www.reading.ac.uk/ bioinf/IntFOLD/) .
Evaluation of the 3D structure
The models were evaluated by several validation tools to assess their quality. ERRAT is a verification algorithm for evaluation of model building (http://services.mbi.ucla.edu/ERRAT/) (Colovos and Yeates, 1993) . MolProbity provides both global and local quality evaluation of hydrogen placement, allatom contact analysis, covalent-geometry analysis and torsion angle characteristics in the form of Ramachandran φ, ψ backbone angles and side chain rotamer χ angles ( http://molprobity.biochem.duke.edu/ ) (Chen et al., 2010) .
The SWISS-MODEL workspace server was also used (http://swissmodel.Expasy.org/workspace/) (Arnold et al., 2006) .This workspace contains several evaluation tools; (a) QMEAN6 server (Qualitative Model Energy ANalysis) estimates the global and local quality of the models. It is a score of six determinants: All-atom and C β potentials, solvation and torsion angle potentials, the agreement between the predicted and calculated secondary structure and solvent accessibility (Benkert et al., 2011) (b) PROCHECK checks for stereochemical quality (Laskowski et al., 1993) ; (c) DFire is a statistical potential measure which is based on a distance-scaled finite ideal-gas reference state. It estimates if the predicted model at lower energy and closer to the native folds (Zhou and Zhou, 2002) . 
Submission of the Models
The models were submitted into the protein model database (PMDB) (http://bioinformatics.cineca.it/PMDB) (Castrignano et al., 2006) .
Active site Determination
Binding site was predicted using COACH, TM-SITE, S-SITE, COFACTOR and ConCavity tools at http://zhanglab .ccmb.med.umich.edu/COACH/ ) (Yang et al., 2013a, b) .
Molecular Docking
The best predicted model of FtsZ and the experimentally determined structures of cell division proteins were used in docking experiments. These experimental structures were prepared by removing cofactors and only one chain was selected for docking by using DeepView-The Swiss-PdbViewer4.1.0 (Guex et al., 2009 ). Prior to docking, the ligands were energy minimized by ChemBio3D Ultra 11.0 of ChemBioOffice package to a minimum RMS gradient of 0.100 (Strack, 2001) .
Rigid protein-ligand docking was carried out using Hex 8.0.0. Hex 8.0.0 uses Spherical Polar Fourier (SPF) correlations to accelerate the calculations (Ritchie, 2003; Macindoe et al., 2010) . The settings were: Grid dimension = 0.6, docking solutions = 500, an initial Steric Scan at N = 18, followed by a Final Search at N = 25, receptor and ligand range 180 degrees. 
RESULTS AND DISCUSSIONS

Homology Modeling
Automated programs were used to construct a three dimensional model of the protein. The models were built using templates of FtsZ X-ray crystallographic structures of phylogenetically related genera (Table  1) . SWISS-MODEL generated a model extending between V 36 to G 315 amino acid residues using a template from S. aureus subsp. aureus Mu50 which extends from A 12 -F 315 . The model is energetically minimized by GROMOS96 to reduce steric clashes (Van Gunsteren et al., 1996) . The model (Fig. 1A) was submitted into Protein Model Data Base (PMDB) and acquired the ID: PM0079977.
RaptorX is a program for template-based protein modeling which improves alignment accuracy by exploiting structural information in a single or multiple templates. RaptorX is designed to solve the problem arising when both the target and the template have insufficient amount of homologous sequences (Peng and Xu, 2011) . The model (Fig. 1B) was generated using a template, PBD ID: 4M8I chain A, contains only 311 residues (L 11 -S 321 ). Therefore, the generated model of FtsZ extends from M 1 to A 332 residues only. The predicted model was submitted into PMDB having the ID: PM0079978. CPHmodels-3.0 is an online server for building tertiary structures by the use of a single template (Nielsen et al., 2010 . The model (Fig. 1C) have the modelled residues A 13 -S 319 , was submitted into PMDB, ID: PM0079992.
The IntFOLD server employs version 4 of the nFOLD method (Jones et al., 2005) to produce tertiary structure. The template of FtsZ from P. aeruginosa PAO1 was used and the amino acid sequence consists of 394 amino acids. Fig 1D shows the 3D structure which was submitted into PMDB, ID: PM0079980.
Several methods have been used to estimate the accuracy of protein models. Table 2 shows the estimation performed by five different tools; ERRAT, DFIRE, QMEAN6, PROCHECK and MolProbity server. The model produced by SWISS-MODEL had the best overall quality in ERRAT (Fig. 2) and Ramachandran plot values in PROCHECK stereochemical analysis (Fig. 3) . However, RaptorX generated model with the best QMEAN6 score. Good models should have 90% or more of their residues in the most favored region of Ramachandran plot (Laskowski et al., 1993) . The QMEAN6 raw scores should be 0-1 for reliable models (Benkert et al., 2011) . The model generated by IntFOLD had the lowest energy value in DFIRE statistical all-atom potential among other models despite its lower ERRAT quality and QMEAN6 scores.
In MolProbity evaluation (Table 3) , the model produced by CPHmodels-3.0 had the best MolProbity score among the other models. Clash score, Poor rotamers, Cβ deviations, bad backbone bonds and angles had the lowest values. In addition, the MolProbity score of this model is better than those of the five models obtained in the study of Demchuk et al. (2011) . In the latter study, the Escherichia coli models were generated by I-Tasser and had MolProbity scores of 3.12-3.55.
The FunFOLD algorithm is implemented by IntFOLD server to identify the binding site of interacting ligands . In addition, active site prediction was carried out by several other tools (Table 4) Fig. 4 shows the binding pocket of FtsZ. 
Molecular Docking
About 100 compounds were screened for FtsZinhibition properties by docking using Hex 8.0.0. GTP was used as control. The ligands with the best values and higher than those of GTP were selected and screened against the experimental structures of FtsZ from S. aureus subsp. aureus Mu50, S. epidermidis RP62A, B. subtilis strain 168, P. aerugionsa PAO1 to test their effectiveness against other microorganisms (Table 5 ). The chemical properties of these compounds are shown in Table 6 . According to Lipinski rule of five, a drug is likely to be poorly absorbed when its molecular weight is greater than 500 Daltons, the log P is more than 5, has more than 5 hydrogen bond donors or more than 10 hydrogen bond acceptors (Lipinski et al., 2001 ).
The best compounds in docking experiments were the taxanes. Fig. 5 shows the docking complex of Paclitaxil and FtsZ of the SWISS-MODEL. Paclitaxel is produced by endophytic fungus called Taxodium distichum inside the pacific yew Taxus brevifolia (Li et al., 1996) . Taxotere (Docetaxel) is a semisynthetic analog of the natural precursor 10-deacetylbaccatin III which was isolated from Taxus baccata (Perez, 2009) .
Taxanes are diterpenes having tetracyclic core of two cyclohexanes, a cyclooctane and an oxetane. Paclitaxel and Taxotere (Fig. 6 ) have an ester side chain at position 13' but Taxotere is deacetylated at 10' and has a trimethyl group attached to the amide tail while Paclitaxel has a phenyl group at this position. Cabazitaxel is a semisynthetic dimethyloxy derivative of Taxotere (Galsky et al., 2010) . These compounds are microtubule inhibitors in human used as anti-cancer agents (Perez, 2009) . Taxanes stabilize microtubules resulting in increase of their polymerization. Interference with microtubule dynamics will cause arrest of cell cycle and apoptosis (Jordan and Wilson, 2004) . Huang et al. (2006) screened 120 analogs of taxanes and identified several derivatives that could interfere with FtsZ stability in M. tuberculosis. Flavonoids are polyphenols present in plants as secondary metabolites having many medicinal uses (Havsteen, 1983; Wollenber, 1988) . Among the flavonoids screened, hinokiflavone was the best, even better than Taxotere and Cabazitaxel. The bioflavonoids hinokiflavone and amentoflavone present in the genus Selaginella (Okigawa et al., 1971) . Hinokiflavone (Fig. 7) has been isolated from S. tamariscina (Miura and Kawano, 1967) S. kraussiana and S. lepidophylla (Qasim et al., 1985) . Hinokiflavaone has been suggested to treat Alzheimer's disease by binding amyloids accumulate in brain tissue in that disease as the study of Ngo and Li (2013) predicted through docking experiments with Aβ 1-40 and Aβ 1-42 amyloid peptides.
Other flavonoids also showed binding energy lower than GTP but there are one or two violations in Lipinski rule of five with respect to scutellarin, rutin and vicenin (Table 6) . Scutellarin (4, 5, 6-trihydroxyflavone-7-glucuronide) is extracted from Erigeron breviscapus (Zhang et al., 2009 ). This active substance has been shown to possess anti-HIV effect (Zhang et al., 2005) . Rutin (5, 7, 3', 4'-OH, 3-rutinose) is a flavonol glycoside of quercetin and rutinose (Havsteen, 1983) . This flavonoid may be found in onions, apples and tea and has an antibacterial, anticancer, antihyperglycaemic and antioxidant activities (Hertog et al., 1993; Janbaz et al., 2002) . Vicenin (6-C-β-D-xylopyranosyl-8-C-β-Dglucopyranosyl-apigenin) is also a glycosidic flavonoid isolated from Ocimum sanctum which is used to treat diabetes, cancer and antimicrobial infections (Singh et al., 2012; Satyamitra et al., 2014) .
Silybin and Curcumin had the lowest docking values in docking. Silybin (a flavanolignan) is obtained from the seeds of Silybum marianum and have been used as to treat liver disorders and protect the liver from mushroom poisoning and snake bites (Kren and Walterova, 2005) . Silybin also enhances the anticancer activity of ciplatin and doxorubicin in treating ovarian and breast cancer respectively (Scambia et al., 1996) . Curcumin (diferuloylmethane) is a polyphenolic compound found and extracted from Curcuma long rhizome (Balasubramanyam et al., 2004) . Margalit et al. (2004) discovered five polyphenolic compounds called Zantrins after screening of 18,320 compounds. Zantrin Z1 and Z4 destabilize FtsZ protofilaments while Z2, Z3 and Z5 inhibit FtsZ depolymerization.
Natural products are valuable source in drug design. However, the compounds screened and results obtained in this study should be tested in vitro and in vivo to confirm their anti-FtsZ activities in parallel with pharmacological studies, so that their adverse effects are analyzed and doses are determined.
CONCLUSION
Being safer than the cytotoxic taxanes, hinokiflavone and the other flavonoids in this study may replace these anticancer agents as inhibitory compounds presumed to be active against this cell division protein in pathogenic microorganisms.
